This invention relates to Scanning probe microscopy. More particularly, the present invention relates to tempera ture control of Samples under investigation in a Scanning probe microscope.
The Prior Art
It is often desirable to control the temperature of a Sample that is being Studied in a Scanning probe microscope (SPM) Such as the Scanning tunneling microscope (STM) or atomic force microscope (AFM). This is because many aspects of Surface Structure and chemistry are Sensitive to temperature, So variable temperature operation adds greatly to the utility of the Scanning probe microScope.
Scanning probe microscopes have been constructed which operate in a cryogenic fluid or inside a high vacuum chamber. In each case it is relatively Straightforward to control the temperature of the sample (and/or the micro Scope as well). However, in the case of microscopes designed to operate in ambient air (or Some gas at or near ambient pressure) it is more difficult to design a heated Sample stage. The reason is that convection caused by hot gasses and temperature gradients across the microscope (the body of which is assumed to be at ambient temperature) causes mechanical instabilities which degrade the resolution of the microscope.
One solution to this problem is to make the heater very Small, comparable in size to the probe of the microScope. The heated region itself can then be raised to a high temperature with a very Small heat input, with the result that the rest of the Sample Stage and microScope is not disturbed. Such an arrangement has been built by M. DiBattista et al., and is described in "A Microfabricated Hot Stage for Scan ning Probe Microscopes" (1996), using integrated-circuit manufacturing technology. This approach is illustrated in the diagram of FIG.1. In FIG. 1 the sample stage 10 is a silicon wafer of high resistivity, onto which is patterned a pair of electrical contacts 12a and 12b. A Small region 14 located between contacts 12a, 12b is boron-doped So as to make it electrically conductive. Electrical current passed from con tact 12a to 12b (or vice versa) will cause resistive heating in region 14 depending upon the level of boron doping in region 14 and the magnitude of the electrical current applied. Using this technique, the heated region can be made as Small as 100 microns or so. While excellent results have been obtained with this system, only the heater itself (or thin films applied to the heater) have been studied So far. The System is too Small for routine mounting of larger easily-handled Samples. Furthermore, expensive microfabrication proce dures are required for fabrication of this heating System. film 30 of indium-tin-oxide ("ITO") is coated onto the underside 32 of a glass slide 34, the underside 40 of which also Serves as a Support for a Sample to be studied by a Scanning probe microscope. Heat is developed in the heater assembly 28 by applying an electric current to a multicore, flexible copper wire (not shown) soldered to the ITO surface at diagonally facing corners of the ITO layer 30. The heater assembly 28 is mounted onto drops 36 of an epoxy adhesive which act as thermal insulating Stand-off Supports for the heater assembly 28 and hold it onto an X-Y scanner 38 of a Scanning probe microScope. This arrangement is capable of heating the Sample to higher temperatures than the Peltier based heater of FIG. 2 , but the entire thermal gradient must be Sustained across the epoxy drops 36 and the air Space between the ITO layer 30 and the scanner 38. The thermal gradient acroSS these drops 36 results in excessive thermal drift for Some applications. In addition, the inherently Small size of drops 36 (typically about 2 mm in diameter) provides only very limited thermal isolation of the sample stage 40 from the rest of the microscope and thus the rest of the microScope is Substantially radiatively heated when the Stage is hot.
SUMMARY OF THE INVENTION
Aheater for use in heating a Sample stage of a microscope Such as a Scanning probe microscope is bonded to a Sample Stage which sits on a tube of a ceramic thermal insulator which is, in turn, mounted within or part of a tube of the Same material. This re-entrant design provides an increased thermal path over Straight line distances between the heater and the Support Structure for the Sample Stage and thus provides excellent thermal insulation, while also maximiz ing the thermal Stability of the System.
OBJECTS AND ADVANTAGES OF THE INVENTION
Accordingly, it is an object and advantage of the present invention to provide a heated Stage for a Scanning probe microscope.
It is another object and advantage of the present invention to provide a heated Sample Stage for a microScope which, while operating in a room temperature and preSSure envi ronment is capable of heating Samples to temperatures well in excess of one hundred degrees centigrade with minimal heating of the remainder of the microScope and minimum thermal drift of the assembly during heating.
Yet another object and advantage of the present invention is to provide a heated Stage Scanning probe microscope having a long thermal path between the heating element of the heated Stage and other components of the microscope.
These and many other objects and advantages of the present invention will become apparent to those of ordinary skill in the art from a consideration of the drawings and ensuing description of the invention. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Those of ordinary skill in the art will realize that the following description of the present invention is illustrative only and is not intended to be in any way limiting. Other embodiments of the invention will readily Suggest them Selves to Such skilled perSons from an examination of the within disclosure.
The present invention in its preferred embodiment is illustrated in FIGS. 4-5. Turning now to FIG. 4 Turning now to FIG. 5, element 48 preferably includes two concentric rods or tubes 60, 62. According to a presently preferred embodiment of the present invention, elements 60, 62 are fabricated from a Single ceramic insulating element 48 by cutting a circular gap or generally torroidally-shaped void 64 partially through it. Those of ordinary skill in the art will also realize that an insulating material could be cast or otherwise formed in this way without the need for a cutting step. Turning now to FIG. 4 , in this way, heat must first flow down element 60 as illustrated by arrow 66 and then back up element 62 as illustrated by arrow 68. This arrangement confers two important advantages. First, given a thickness, L., of element 48, the thermal path is increased to approxi mately 2 L, resulting in improved insulation of heating element 40 from the rest of the microscope. Second, if the temperature drops acroSS each element 60, 62 were equal, then the expansion of the inner element 60 would be exactly compensated by the expansion of outer element 62, provid ing that the entire assembly 70 is Supported by upper Surface 72 of support sheet 73. In practice, this ideal is not achieved, but partial compensation of thermal expansion is still achieved.
According to a presently preferred embodiment of the present invention, heater 40 is attached to a circular platen or Support sheet 73 (FIG. 4) of a Scanning probe microscope Such as the PicOSPMO(E) available from the Molecular Imaging Corporation of Tempe, Ariz. In that microscope, the Sample platen or Support sheet 73 is Suspended below the scanning tip 74 (which may be an AFM tip or an STM tip) by means of magnetic mounts 76 (magnetized balls) which extend downwardly from a suspension mechanism and attract platen 73 which is made of a material attracted by magnets Such as Steel or other well known magnetically attractive materials. In accordance with this presently pre ferred embodiment, the heater element 40 is generally circular in shape with a thickness of 0.01" and a diameter of 0.8". Sample Stage 44 is generally circular in shape with a diameter of 1" and a thickness of 0.1" and is formed of copper. It is attached at its Outer periphery to Supports 54 of element 48 by means of screws. Element 48 is generally circular in shape with a vertical thickness of 0.8" and a diameter of 2.5". Element 48 is formed of MacorTM. Cavity 58 is generally circular in shape and is 0.1" deep vertically and has a diameter of 0.7". Cavity 58 is preferably formed by machining, but it could be molded for higher volume applications. Generally torroidally-shaped Void 64 begins at radius=0.5" and ends at radius=0.6" as measured from the centerline of element 48 and has a vertical depth of 0.7". Void 64 is also preferably formed by machining, but for higher Volume applications could also be molded as known to those of ordinary skill in the art. Support sheet 73 is formed of magnetic StainleSS Steel and is generally circular in shape with a thickness of 0.12" and a diameter of 2.5". It is attached to element 48 by means of screws.
Alternative Embodiments
Those of ordinary skill in the art will realize that more complex versions of this design can be used to improve the performance, i.e., by extending the thermal path between heater 40 and the rest of the microscope. For example, circular cuts could be made alternately into the upper and lower Surfaces of a ceramic piece, each cut being at a Somewhat different radius from the center of element 48 (element 48 need not be round and the cuts need not be round but could be any shape So as to achieve the increased S thermal path-it could also be fabricated of Subassemblies glued or otherwise attached to one another as would be readily appreciated by those of ordinary skill in the art). The device would be Supported after the outermost cut and the Sample Stage lie within the innermost. N Sections would give a thermal path of approximately N*L, thus greatly increas ing the thermal isolation of heater 40. Furthermore, this type of approach would tend to produce a more even temperature gradient across the entire heater/insulator/Support assembly.
An alternative embodiment of the invention in accordance with the discussion above is shown in FIG. 6 . In this embodiment a total of three generally torroidally-shaped voids or air gaps 80, 82, 84 have been incorporated into the thermally insulating Support element 48 at increasing radii from the center line 86 of thermally insulating support element 48 as shown. In this way, if the vertical thickness of element 48 is L., the thermal path from heater 40 to support sheet 73 is at least about 4 L (more, actually, if the radial distance travelled by the heat is taken into account). Thus, these simple Structures provide a much improved mecha nism for delivering Stable heat to a Sample under Study.
Although illustrative presently preferred embodiments and applications of this invention are shown and described herein, many variations and modifications are possible which remain within the concept, Scope, and Spirit of the invention, and these variations would become clear to those of skill in the art after perusal of this application. The invention, therefore, is not to be limited except in the Spirit of the appended claims. 
